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DETAILED ACTION 
Claim Rejections - 35 USC § 103 

1 . The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 

USPQ 459 (1966), that are applied for establishing a background for determining 

obviousness under 35 U.S.C. 103(a) are summarized as follows: 

1 . Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating 
obviousness or nonobviousness. 

2. Claims 1, 2 and 6-10 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Tsunashima et al (US 6,376,888) in view of Hsu (US 5,677,214). Tsunashima 
teaches a gate insulator film (Fig. 1 1 ; 1 12) consisting of a high dielectric constant 
insulator film having a dielectric constant larger than 3.9 (col. 10, Ins 59-60; Fig. 1E) and 
a gate electrode (Fig. 1 1 ; 1 1 3, 1 1 5) including a first metal layer (Fig. 11; 113) coming 
into contact with said gate insulator film (Fig. 1 1 ; 1 12) and having a work function 
controlled to have a Fermi level around the energy level of a band gap end of silicon 
constituting said source/drain regions (col. 11, Ins 58-59). Tsunashima, however, fails 
to teach an elevated structure for the source/drain region. Hsu does teach a raised 
source/drain region (see Fig. 2-5). It would have been obvious to one of ordinary skill 
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in the art at the time of applicant's invention to incorporate Hsu's raised source/drain 
with Tsunashima's semiconductor device. One would have been motivated to so 
modify Tsunashima so that the susceptibility of the transistor to leakage current 
between junction areas is minimized (col. 1, Ins 47-49). 

Regarding claim 2, the prior art of Tsunashima and Hsu teach the limitations of 
claim 1 as described above. Furthermore, Tsunashima discloses said source/drain 
regions include n-type source/drain regions (Fig. 1 1 ) and said gate electrode (Fig. 1 1 ; 
113, 115) includes said first metal layer (Fig. 1 1 ; 1 1 3) having said work function 
controlled to have a Fermi level around the energy level of the conduction band of 
silicon (col. 11, Ins 58-59). 

Regarding claim 6, the prior art of Tsunashima and Hsu teach the limitations of 
claim 1 as described above. Furthermore, Tsunashima discloses said gate insulator 
film (Fig. 11; 112) consisting of said high dielectric constant insulator film includes at 
least one film selected from a group consisting of an HfC>2 film, a Z1O2 film and an HfAlO 
film (col. 10, Ins 59-60; Fig. 1E). 

Regarding claim 7-9 and 10, the prior art of Tsunashima and Hsu teach the 
limitations of claim 1 as described above. Furthermore, Tsunashima discloses a gate 
electrode includes a first metal layer having a controlled work function (col. 10, Ins 66- 
67; col 1 1 , Ins 1-3) and a second metal layer, formed on the first metal layer, having a 
larger thickness than said first metal layer (See Fig. 1 1 ) (claim 7). Tsunashima also 
discloses a second metal layer having an uncontrolled work function (Fig. 1 1 ; 1 15) 
(claim 8) and that the second metal layer includes at least either a TaN layer or a TiN 
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layer (col. 16; Ins 5-9) (claim 9). Tsunashima also teaches a first metal layer is formed 
in a U shape and that a second metal layer is formed to fill up a region enclosed with 
the U-shaped portion of the first metal layer (see Fig. 1 1 ) (claim 10). 

3. Claims 3, 4 and 5 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Tsunashima et al (US 6,376,888) in view of Hsu (US 5,677,214) in further view of 
Cabral, Jr. et al (US 2005/0051854). The prior art of Tsunashima and Hsu teach the 
limitations as described above but fail to teach that the first metal layer includes an Hf 
layer. Cabral, Jr. does disclose that a first metal layer (Fig. 10; 700) of hafnium can be 
formed (claim 3). Cabral, Jr. also discloses a first metal layer (pg. 4; para. 0040) having 
said work function controlled to have a Fermi level around the energy level of the 
valence band of silicon (claim 4) that includes either a Ni layer or an Ir layer (pg. 4; 
para. 0040) (claim 5). It would have been obvious to one of ordinary skill in the art at 
the time of applicants invention to incorporate Cabral, Jr's choice of material with 
Tsunashima's and Hsu. One would have been motivated to so modify both Tsunashima 
and Hsu to protect against dielectric breakdown without sacrificing transistor-switching 
performance (pg. 4; para. 0039). 

4. Claims 11-12 and 21-22 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Tsunashima et al (US 6,376,888) in view of Hsu (US 5,677,214) in 
further view of Zhang et al (US 5,563,426). The prior art of Tsunashima and Hsu 
teach the limitations as described above but fail to teach source/drain electrodes (claim 
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11) and a third metal layer (claim 12). Zhang, however, does teach a source/drain 
electrode (Fig. 7E; 715) which is formed by an aluminum film. It would have been 
obvious to one of ordinary skill in the art at the time of applicant's invention to 
incorporate Zhang's electrodes with the teaching of both Tsunashima and Hsu. One 
would have been motivated to so modify both Tsunashima and Hsu to employ a third 
metal layer that has a work function close to the conduction band of Si. 

Regarding claim 21, Tsunashima teaches a gate insulator film (Fig. 11; 112) 
consisting of a high dielectric constant insulator film having a dielectric constant larger 
than 3.9 (col. 1 0, Ins 59-60; Fig. 1 E) and a gate electrode (Fig. 1 1 ; 1 1 3, 1 1 5) including a 
first metal layer (Fig. 1 1 ; 1 1 3) coming into contact with said gate insulator film (Fig. 1 1 ; 
112) and having a work function controlled to have a Fermi level around the energy 
level of a band gap end of silicon constituting said source/drain regions (col. 1 1 , Ins 58- 
59). Tsunashima, however, fails to teach an elevated structure for the source/drain 
region. Hsu does teach a raised source/drain region (see Fig. 2-5). Tsunashima and 
Hsu fail to teach source/drain electrodes. Zhang, however, does teach a source/drain 
electrode (Fig. 7E; 715) which is formed by an aluminum film. It would have been 
obvious to one of ordinary skill in the art at the time of applicant's invention to 
incorporate Zhang's electrodes and Hsu's raised source/drain with Tsunashima's 
semiconductor device. One would have been motivated to so modify Tsunashima so 
that the susceptibility of the transistor to leakage current between junction areas is 
minimized (col. 1 , Ins 47-49) and to employ a third metal layer that has a work function 
close to the conduction band of Si. 
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Regarding claim 22, the prior art of Tsunashima, Hsu and Zhang teach the 
limitations of claim 21 as described above. Furthermore, Tsunashima discloses said 
source/drain regions include n-type source/drain regions (Fig. 11) and Zhang discloses 
said source/drain electrodes (Fig. 7E; 715) includes a metal layer (col. 16, line 50) 
having said work function controlled to have a Fermi level around the energy level of the 
conduction band of silicon. 

5. Claims 19 and 20 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Tsunashima et al (US 6,376,888) in view of Hsu (US 5,677,214) in further view of 
Horiuchi (US 2003/0034524). The prior art of Tsunashima and Hsu teach the limitations 
as described above in claim 1 but fails to teach a silicon region where a silicon layer is 
formed on an insulator (claim 19) or an isolation insulator film formed on the outer sides 
of the source/drain region (claim 20). Horiuchi does disclose a silicon layer (Fig. 7; 3) 
formed on an insulator (Fig. 7; 2). Horiuchi also teaches an isolation layer on the outer 
sides of the source/drain region (Fig. 7; 4). It would have been obvious to one of 
ordinary skill in the art at the time of applicant's invention to incorporate Horiuchi's 
disclosure and teachings with the teaching of both Tsunashima and Hsu. One would 
have been motivated to so modify both Tsunashima and Hsu to provide superior 
isolation between adjacent devices and to improve performance due to reduced 
parasitic capacitances, which is what SOI devices are well known for in the art. 
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6. Claims 23-25 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Tsunashima et al (US 6,376,888) in view of Hsu (US 5,677,214) and Horiuchi (US 
2003/0034524) in further view of Cabral, Jr. et al (US 2005/0051 854). The prior art of 
Tsunashima, Hsu and Horiuchi teach the limitations as described above but fail to teach 
that the metal layer includes an Hf layer (claim 23) or that the work function controlled to 
have a Fermi level around the energy level of the valence band of silicon (claim 24) that 
includes either a Ni layer or an Ir layer (claim 25). Cabral, Jr. does disclose that a first 
metal layer (Fig. 10; 700) of hafnium can be formed. Cabral, Jr. also discloses a metal 
layer (pg. 4; para. 0040) having said work function controlled to have a Fermi level 
around the energy level of the valence band of silicon that includes either a Ni layer or 
an Ir layer (pg. 4; para. 0040). It would have been obvious to one of ordinary skill in the 
art at the time of applicant's invention to incorporate Cabral, Jr*s choice of material with 
Tsunashima, Hsu and Horiuchi. One would have been motivated to so modify 
Tsunashima, Hsu and Horiuchi to protect against dielectric breakdown without 
sacrificing transistor-switching performance (pg. 4; para. 0039). 



Allowable Subject Matter 



7. Claims 13-18 are objected to as being dependent upon a rejected base claim, 
but would be allowable if rewritten in independent form including all of the limitations of 
the base claim and any intervening claims. 
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Conclusion 



8. The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure. 

9. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Deloris Bryant whose telephone number is (571) 272- 
8670. The examiner can normally be reached on M-F 7:30-4:00. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Carl Whitehead can be reached on (571) 272-1702. The fax phone number 
for the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 



dsb 




PRIMARY EXAMINER 



